Both organic occlusion and vasospasm are usually present in peripheral arterial vascular. diseases. The degree of occlusion and the probable effectiveness of treatment designed to relax vasospasni can both be determined by measurement of the maximum increase in cutaneous blood flow produced by suitable vasodilator procedures. These studies included warming the torso and/or injections of tetraethylammonium chloride or benzylimidazoline, and administration of spinal anesthetic. The effects obtained with all three methods were closely comparable. Cutaneous blood flow ewas estimated from recordings of skin, room and body temperatures.
IN EVALUATING the status of the peripheral circulation in man, it is necessary to determine what maximum circulation is possible after all vasospasm has been abolished. By comparing the maximal flow in normal patients with that in patients with peripheral vascular disease after relaxation of all vasospasm, it is possible to determine quantitatively the amount of organic occlusion present in such conditions as thromboangitiis obliterans and arteriosclerosis.
In an earlier paper' it was demonstrated that tetraethyl ammonium, TEAC (Etamon*) and benzylimidazoline (Priscolinet) possess good potentialities for relaxing vasospasm. This paper is a further study and comparison of the effectiveness of larger doses of these drugs with that of application of heat to the torso (body warming), that of body warming plus the above drugs, and that of spinal anesthesia in a series of normal subjects and in patients with demonstrated occlusive peripheral vascular disease. METHODS Records of the cutaneous temperature were made with an 8-point Leeds and Northrup micromax using iron constantin thermocouples attached to the skin with a drop of collodion as was described in the previous report.' During the study, the subjects were placed in a room, the temperature of which was maintained at 19-20 C. The air w-as constantly circulated by a blower fan. The velocity of air circulation was approximately 25-50 feet per minute and the relative humidity was 50 per cent. The walls were cork insulated and had a surface temperature within +1 degree of the air temperature. The cutaneous areas to be measured were exposed to the room air and care was taken to avoid all contact or close approximation of the mattress or blankets or other objects which might prevent rapid circulation of air past the exposed parts.
When, under the above conditions, the cutaneous temperature is stable thermal equilibrium may be assumed to be present between the rate of delivery of heat to the skin by the blood and the rate of loss of heat from the skin.2 During equilibrium the rate of loss of heat to the environmental air may be represented by the equation:
Ca(Ts -Ta) = calories per minute (1) 1278EVALUATION OF SE£VElRITY OF ORGANIC OCCLUSIVIE, DISEASE Where Ca equals the heat conductance of the air, i.e., the rate at which heat will be taken up by the air and walls per degree of temperature difference between the air and that of the surface of the skin. and where T. equals the surface temperature of the skin, and Ta equals the air temperature.
The rate of transfer of heat from the subcutaneous tissue to the outer surface of the skin may be computed as:
CG(Tb TJ) = calories per minute (2) AWlhere C, is the heat conductance of the skin and T,.b is the subcutaneous temperature, assumed equal to the venous blood temperature, and T, is the surface temperature of the skin. The rate of delivery of heat to the subcutaneous tissues by the blood may be calculated Ias:
Cb(Ta-I Tb) = calories per minute (3) Where Cb is the heat conductance of the blood, i.e., rate of delivery of heat by the blood per degree difference between arterial and venous blood temperatures; Tab is the arterial blood teml)erature;
and T,b is the venous blood temperature.
Under conditions of equilibrium, the right hand component of each of these equations must be equal. Therefore, we may say that:
Ca(T -Ta) = C.(T,; -T.) = Cb(Tal-7t) (4) Animal experiments2 demonstrate that the heat conductance of the skin itself is quite rapid, i.e., under a variety of conditions the subcutaneous and surface temperatures proved to be practically identical. We may, therefore, by assuming T.b to be approximately equal to T>, simplify Equation (4) to: Ca(T, Ta) = CG ( Ta&-Tns) and by rearranging wve get:
The quantity Cb is equal to the flow of blood per minute through the skin (Fb) Effects of Body Warming. In 20 subjects, divided into two groups of 10 each, the torso was warmed, as described under "Methods," however, was much more consistent and marked than it was with the subjects unwarmed.
Body warming plus Priscoline produced significantly higher temperatures in the finger, foot and toes than the use of Priscoline alone. The rate of rise of temperature was similar with body warming plus Priscoline, and body warming plus TEAC; the former produced a slightly higher thigh temperature, and the latter a slightly higher foot temperature. The figure 7 . The maximal thermal circulation indices are indicated in table 4, column (B). One subject received 100 mg. of procaine and 2 subjects 73 mg. One of the latter showed a 3 to 4 degree smaller response in the toes than with Priscoline or TEAC. All 3 subjects showed a slight fall in forehead temperature. One showed an increase in temperature of the finger to 31.5 C. In this subject the level of anesthesia was to and including T 5. The other 2 subjects showed no change in temperature of the finger with an anesthesia level to and including T 11. If the subject who showed a significantly lesser response to spinal anesthesia than to TEAC or Priscoline were omitted, the average final temperature levels in the toes and foot would be: first toe, 33.5; fifth toe, 33.3; foot 30.8 C. These values agree closely with those obtained by using heat plus TEAC or Priscoline or TEAC alone.
Comparison of Effects of TEAC, Priscoline
and Spinal Anesthesia in Patients with Impaired Circulation. In patients with normal circulation in whom these agents produced rise in skin temperature approximating the maximum, large differences in blood flow would be necessary to produce significant differences in the recorded skin temperature in response to these agents. As a consequence, it is difficult to state precisely which of the three methods tested might be superior or whether they might be essentially equal in their capacity to relax vasospasm and thus unmask the decree of organic vascular occlusion in situations where there is only a very slight degree of organic occlusive disease. On the other hand, if the maximum possible circulation is small, relative to the normal, then small changes in blood flow will produce considerable alterations in the skin temperature, as indicated by the computations given under methods. Furthermore, it is precisely under these conditions that one wishes to know the relative effectiveness of various methods of relaxing vasospasm. We have, therefore, made comparisons of the three methods in 3 patients in whom there was demonstrated peripheral vascular disease. Plots of the sequential temperatures in these patients in response to TEAC, Priscoline and spinal anesthesia are reproduced in figures 8, 9, and 10. Table 5 gives the maximal thermal circulation indices seen in these patients. Figure 8 shows the temperature curves rewas negative except for absent dorsalis and posterior tibial pulses, and dependent rubor bilaterally. The normal value plotted is that of a typical normal subject. mg. Priscoline and to induction of spinal anesthesia up to and including T 5, using 100 mg. of procaine. These temperature responses are plotted on paper upon which are printed solid lines representing the extremes of temperatures found in the normal subjects reported in figures 1 to 6. This type of plot is being used for reporting the results of temperature studies to referring physicians. Room temperature for these studies varied from 19.3 to 21.2 C. (average 20.3 C.). and if we assume the cardiac output to be elevated to four times basal this would mean that approximately 7 per cent of the cardiac output would be passing through the skin. Since, however, the distal portions show the higher temperature rise these areas may have higher rates of flow. As a first approximation we might, therefore, assume a thermal index of 4.7 (equal to a cutaneous temperature of 34 C.) to be equivalent to a blood flow of approximately 8.7 ml./min./100 cm2. Conversely, if we assume maintenance of thermal equilibrium at basal metabolism with an average cutaneous temperature of 21 C., the cutaneous blood flow would be 40 Cal. M2-hr. 4 60min. 1 Cal.
(37_ 210)X hT. L *C = 0.036 L/min./M2 = 0.36 ml./min./100 cm.2 equivalent to a thermal index of 0.06, and equal ml./100 ml./min. in the feet. A rough approximation gives the cutaneous area of the foot as equal to 55 cm.2/100 ml.6 This would suggest average minimum flows of 3.7 ml./10( cm.2/min., and average maximum flows of 18 ml./100 cm.2/min. Their' smallest flow (0.5 ml./100 ml./min.) would be approximately equal to 0.9 ml./100 cm.2/min., and their largest flow (16 ml./100 ml./min.) would be equal to 29 ml./100 cm.i/min. The observation that during body cooling to approximately 1.2 per cent of the cardiac output (taken as 3.0 L/min./M2). Since, however, the torso and more proximal portions maintain temperatures much above 21 C., the actual circulation at maximal vasoconstriction in the distal parts of the extremities probably drops considerably below this figure. In view of the uncertainties involved, it is not possible to attempt any further approximation to the actual blood flow without direct measurement.
Hoobler and associates5 reported average maximum flows of 10.0 and minimum flows of 2.04 the temperatures in the fingers and toes were lower than those in the more proximal portions of the extremities is similar to those reported elsewhere in the literature.3 However, it is of considerable interest that all of the vasodilatorprocedures which produced maximal vasodilatation, resulted in higher cutaneous temperatures (and thermal indices) in the fingers and toes, than in the more proximal portions. Evidently the maximal flow possible in the fingers and toes is greater than in the more proximal portions of the extremities and the torso. This would fit with the presence of arteriovenous channels in these regions.
Burton3 found the maximum range for the thermal index in the toe to be 0.16 to 1.9, a 12-fold change and concluded that vasomotor reactions probably do not contribute much to the regulation of body temperature. Our findings, however, of changes of thermal circulation indices of the order of 0.06 to 4.7 (a 78-fold change) in response to body warming and cooling demonstrates to the contrary, that such vasomotor reactions must play a very prominent part in regulation of body temperature.
The magnitude of the change in heat loss per unit area of the skin is much less than the magnitude of the change in flow due to the fact that at low rates of flow much more heat is removed from each ml. of blood flowing through the skin, than is the case with higher rates of flow. The similarity of the responses to spinal anesthesia, TEAC, and Priscoline plus body \varming is excellent evidence of the value of these three procedures. In addition the similarity of the results in patients with occlusive disease, we believe, demonstrates the ability of all three to prognosticate the severity of the occlusive disease and the probability of satisfactory therapy with the drugs or with surgical sympathectomy.
Our subjects expressed no preference for either TEAC or Priscoline. The degree of discomfort produced by either drug was about the same, although the symptoms were different.
All subjects who tookl a spinal anesthesia also took either TEAC or Priscoline or 1)oth, and all preferred the drugs.
For reporting the results of our studies to the referring physician we have constructed a composite graph from the results obtained from the 20 normal subjects when body heat plus TEAC or Priscoline were used to abolish vasomotor tone in the toes (see figure 7) . These curves represent the maximum and the minimum temperatures and the average temperatures reached by either the large or small toe in the 20 subjects tested. We The advantages of this method are: (1) The procedure is extremely simple to perform. (2) The results are significant in that if organic disease causes a sufficient impairment in blood flow to produce symptoms or to be functionally important, it will be revealed. (3) When severe occlusive disease is present, even small increments in blood flow in response to vasodilator procedures are readily detected. (4) The probable therapeutic effectivness of TEAC or Priscoline is revealed. (5) The dosages of the drugs used are usually well tolerated. (6) We can readily determine whether an individual's peripheral vascular disease is primarily organic or vasospastic. (7) The results are consistent, and readily reproducible. SUliMMlARY 1. In order to determine the degree of organic occlusive disease that may be present, it is necessary to determine the maximum blood flow that can exist after all neurogenic or humoral vasoconstriction is abolished. This paper is a study of methods for abolishing such vasoconstriction.
2. Blood flow was estimated from continuous records of cutaneous temperature obtained with iron-constantin thermocouples, while the subjects were kept in a room maintained at a temperature of approximately 20 C.
3. The relative blood flow was computed from the thermal circulation index (r) Tab-T, where T8 = cutaneous temperature; Ta = air temperature; Tab = arterial blood temperature; K = a constant dependent upon various factors, but principally the rate of air circulation in the room; and F6 = the rate of blood flow in the skin. Under the conditions of our experiments, the average minimal indices of 0.05 to 0.1 and average maximum indices of 4.8 were obtained for the large toe.
4. All subjects were initially exposed, lightly clad, to a room temperature of approximately 20 C. to cause maximal vasoconstriction and the skin temperature changes caused by various vasodilating procedures were recorded while the subject remained in this environment.
5. 8. The diagnostic and prognostic uses of the above procedures are discussed. 9 . Certain advantages and disadvantages of these procedures are listed
